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ABSTRACT 

Trans-aconitic acid (Propene-1 2 3-tricarboxylic acid) is an organic acid and is generally found in sugar cane. It is used as 
accidulent in food industry and can be used in synthesis of plasticizers. It is widely used in tissue engineering application. The 
present work focused on extraction of Trans- aconitic acid from its aqueous solution by using Aliquat 336 using natural non 
toxic diluents like Sunflower oil, Groundnut oil and Rice bran oil. Physical extraction and chemical extraction has been done to 
find out equilibrium parameters such as distribution constant, degree of extraction, loading ratio and equilibrium complexion 
constant. The experimental results are distribution coefficient (sunflower oil (2.81), groundnut oil (2.80) and for Rice oil (2.92), 
degree of extraction (56 to 81% for sunflower oil, 59 to 86% for groundnut oil, 58 to 82 % for Rice bran oil), loading ratio (< 
0.5) and equilibrium complexation constant 1.1152 1/gm equi for Sunflower oil, 1.61281/gm equi for groundnut oil and 4.5556 
1/gm equi for Rice Bran Oil. Water co extraction has also been studied, not more than 3%. 
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1. INTRODUCTION 

Aconitic acid (Pro-1 -ene 123 tricarboxylic acid) is used in 
food industry as an accidulent and also used for synthesis of 
biodegradable polyster. Commercially it can be prepared by 
dehydration of citric acid using sulphuric acid by thermal 
dehydration. Aconitic acid is also prepared by propogating 
aspergillus itaconicus or aspergillus terreus under aerobic 
condition from sugar cane juice or by molasses. But 
commercial manufacturing by fermentation is not possible. 
Thus reactive extraction of carboxylic acid is found to be a 
convenient method for recovery of caboxylic acid. Aconitic 
acid having two isomers as cis-aconitic acid and trans- 
aconitic acid. Cis-aconitic acid is formed in Krebs 
tricarboxylic acid cycle.WTrans-aconitic acid is more stable 
form of carboxylic acid. Trans-Aconitic acid is white 
crystalline powder. It is odourless, solubility of aconitic acid 
in water is 5.5 mL/g at 13 s C.Aconitic acid is a potential 
source of biodegradable plastic which can be used as a 
structure for skin and bone tissue engineering! 2 ! 

Reactive extraction of carboxylic acid using different 
dilutents like aliphatic hydrocarbon and aromatic 
hydrocarbon was carried out by various researchers.P- 7 ! 
Some researchers discussed recovery of carboxylic acid from 
fermentation broth and waste waterl 7-10 ^ major drawback 
of fermentation to produce carboxylic acid is recovery of 
these acids from dilute solutions where they formed. The 
main problem of fermentation is the that when acid 
generates PH of the system falls (Waghmare 2011) 

The reactive extraction has found to be a promising method 
for the recovery of the carboxylic acids from fermentation 
broth. As reactive extraction found to be effective at high 
concentration of substrate in the extractive fermentation, 
acid can be re-extracted and the solvent can be reused, 
better control of pH ,Better recovery of acid with higher 
product purity reduction of downstream processing load 
and recovery cost, reactants are relatively immiscible, 


reaction products to be separated are immiscible with the 
reaction phase, phase equilibrium can be positively 
influenced ,heat transfer is to be improved during the 
reaction, product-catalyst separation can be affected by a 
liquid-liquid separation. Reactive extraction represents a 
reaction between the acid (solute) and extractant molecule 
at the interphase of aqueous and organic phase where 
transfers of acid molecules takes place by the diffusion and 
solubilization mechanism. Reactive extraction strongly 
depends on various parameters such as aqueous phase 
composition, organic phase composition, types of complexes 
(1 : 1, 2 : 1, etc.) formed, properties of the solvent (extract 
ant and diluent), type of solvent, temperature and pH. Many 
authors tried to recover carboxylic acid by physical 
extraction i.e.by pure solvent but results were very poor. 
This may be because of high affinity towards water. Hence 
chemical extraction by using Organophosphorous 
compounds and secondary, tertiary and qua-ternary amine 
were tried and found suitable for extraction. 

A study was carried out by Jun et al.( 2007), where it was 
observed that the reaction rates were affected by pH and 
contamination present in the aqueous phase. At a pH greater 
than the pKa of acid, more dissociation took place leading to 
the reduction in the extraction efficiency. Therefore,it was 
recommended for effective separation of acid from the 
production media, the pH of the fermentation broth should 
be kept at a value less than the pK a of the acid. Keshav A. et al 
(2012) Use a cheap, nontoxic, and selective solvents 
.economic for the recovery of carboxylic acids produced by 
the bioroute.Solved problems for the recovery of the acid 
([H3A]aq° 0.1-0.8) was solved by using tri-n-octylamine in 
natural diluents like rice bran oil, sunflower oil, soybean oil, 
and sesame oil .TOA was found to be most effective in 
removal of acid .Wasewar K. et al (2010) found out that 
reactive extraction is a promising method to recover 
carboxylic acid but suffers from toxicity problems of the 
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diluents using a natural non-toxic solvents and extractant. 
Jaquet A. et al (1999) use extraction technique by using 
Aliquat 336, dissolved in octan-l-ol showed effect of 
molecular toxicity on the growth of Pseudomonas putida and 
concluded a strict control of the pH for cultivation must 7.4- 
7.5 for the growth. Waghamre et al (2011) presented work 
on extraction of Picolinic acid using tri-n-butyl phosphate 
(TBP) in sunflower oil and castor oil. 

No work was found out on extraction of Trans aconitic acid 
by using non toxic diluents with Alamine 3 36 as extractant. 
Thus the present work focused on extraction of Trans 
Aconitic acid , the influence of non toxic diluents and effect 
on equilibrium extraction has been studied. Physical 
extraction and chemical extraction experiments were 
conducted and results have been found out. 

2. EXPERIMENTAL: 

Aconitic acid, (C6H606, trans-propene-1,2,3,-tri carboxylic 
acid), has molecular weight 174g/mol is an unsaturated tri 
basic aliphatic acid, also known as TAA, is a white to 
yellowish crystalline solid, with melting point 195 °C. Its 
Hydrogen bond donor count is 3 whereas its Hydrogen bond 
acceptor count is 6. It is soluble in water and alcohol. Its 
solubility in water increases from 18.6 g/100 mL at 13 °C to 
110.7 g/100 mLat90°C (Patarau, 1989). Trans-Aconitic Acid 
used here is 98% + pure, supplied by Sigma Aldrich. Natural 
solvents were used for extraction and they were sunflower 
oil, groundnut oil and rice bran oil. The oils were obtained 
from local market and were used without water .Aliquat 
336(9-octanoyl-8,10-dioxoheptadecan-9-yl) has molecular 
weight 446.113g/mol. It is a quaternary ammonium salt 
used as a phase transfer catalyst and metal extraction 
reagent. It contains a mixture of C8 (octyl) and CIO (decyl) 
chains with C8 predominating, ammonium salt used as 
a phase transfer catalyst and metal extraction reagent. 
Hydrogen Bond Donor Count is 1,where as Hydrogen Bond 
Acceptor Count is 4. It is yellowish orange in colour. Its 
density is 0.884g/cm 3 . It is highly viscous with coefficient of 
viscosity 1500mPa.s at 30°C. Aliquat 336 
(methyltricaprylammonium chloride) is procured from 
Himedia, India and it is 99% pure. NaOH & Phenolphthalein 
for titration & Oxalic acid for standardizing NaOH are 
obtained from Fischer Scientific Pvt. Ltd. 

Experiments were carried out by shaking equal volumes of 
(15ml) of aqueous and organic phases for 8 h. at constant 
temperature (305 K) in a shaker. After shaking the phases 
were allowed to separate in separating funnel for 2 h. 
Aqueous phase pH meter (). Acid concentration is in the 
range of 0.028717 mol -L-1-0.22974 mol -L-l .Aliquat 336 
extractant was used 20 % and 40% with Sunflower oil, 
groundnut oil and rice bran oil as diluents. 

The extraction ability was represented by the distribution 
coefficient. The calculated distribution coefficient KD, is 
calculated with following relation as given by following 
Kd = [HAJorg/ [HAJaq (1) 

Where, C org is the concentration of Trans-aconitic acid in 
organic phase and C aq is the concentration of Trans-aconitic 
acid in aqueous phase after reaching equilibrium. Degree of 
extraction (E %) is defined as the ratio of Trans-Aconitic acid 
concentration in organic phase to the sum of acid 
concentration in organic and aqueous phase and is defined in 
term of Kd as 


E% = K d x 100/(1 + K d ) (2) 

3. REULTS & DISCUSSION : 

The equilibrium study of physical and chemical extraction of 
Trans Aconitic acid from aqueous streams with sunflower 
oil, groundnut oil & Rice Bran oil was studied. The extractant 
used for chemical extraction was (9-octanoyl-8, 10- 
dioxoheptadecan-9-yl) azanium chloride, i.e. Aliquat 336. 
The objectives of this work were as follows 

1. To study the equilibrium physical & chemical extraction 
of Trans Aconitic acid from the aqueous stream. 

2. To calculate the Distribution coefficients and Extraction 
efficiencies for various concentration combinations of 
aqueous acid and extractant Aliquat 336. 

3. To calculate the complexation constant Kll for Aliquat 
336 concentrations of 20% & 40% (V/V). 

4. To study the water co-extraction. 

3.1 PHYSICAL EXTRACTION: 

The physical extraction of Trans-Aconitic acid was carried 
using sunflower oil, groundnut oil & Rice Bran oil. The plot of 
concentration of organic phase to that of aqueous phase is 
shown in Figure 3.1 Groundnut oil showed the best results 
among all the solvents, followed by Sunflower oil and Rice 
bran oil. The maximum extraction was obtained using 
Groundnut oil. The overall extraction efficiency for 
Groundnut oil, Sunflower oil & Rice Bran oil was found to be 
45.01606, 24.84658 and 18.74286. 

The results of the physical extraction are tabulated in Table 
3.1. It can be observed that the acid transferred to organic 
phase & thus the distribution coefficient and the extraction 
efficiency increases with the aqueous TAA concentration. 
The maximum values of the distribution coefficient & 
extraction efficiencies were observed for the aqueous acid 
concentration of 0.689219 N; which was the highest 
concentration of aqueous acid used during equilibrium 
studies. The maximum values of Distribution coefficients 
observed at aqueous acid concentration of 0.689219 N; 
which are 1.312817, 0.42289 and 0.351093 for groundnut 
oil, sunflower oil & rice bran oil. 



Figure.3.1..Physical extraction of Trans Aconitic acid using 
Groundnut oil, Sunflower oil, & Rice Bran oil 


3.2 CHEMICAL EXTRACTION 

The chemical extraction of Trans-Aconitic acid was carried 
using Groundnut oil, Sunflower oil, & Rice Bran oil. Aliquat 
336 was used as the extractant with 20% & 40% (V/V) 
concentration. For 20% Aliquat 336, the plot of 
concentration of organic phase to aqueous phase is shown in 
Figure 3.2. Rice bran oil showed the best results among all 
the solvents, followed by Sunflower oil and Groundnut oil, 
for 20% Aliquat 336 concentration. The overall extraction 
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efficiency for Sunflower oil, Groundnut oil & Rice Bran oil 
was found to be 67.87671%, 68.5538% & 66.49108%. 

The results of chemical extraction with 20% Aliquat 336 
concentration are tabulated in Table 3.2. It can be observed 
that the acid transferred to organic phase & thus the 
distribution coefficient and the extraction efficiency 
increases with the aqueous acid concentration. The 
maximum values of the distribution coefficient & extraction 
efficiencies were observed for the aqueous acid 
concentration of 0.689219 N; which was the highest 
concentration of aqueous acid used during equilibrium 
studies. The maximum values of Distribution coefficients 
observed at aqueous acid concentration of 0.689219 N; for 
Sunflower oil, Groundnut oil and Rice bran oil are 2.813109, 
2.807842 & 2.927176 respectively. 



Figure 3.2: Chemical extraction of Trans Aconitic acid with 
20% TBP (V/V) using Groundnut oil, Sunflower oil & Rice 
Bran oil. 


For 40% Aliquat 336 loaded organic phase, the plot of 
concentration of organic phase to aqueous phase is shown in 
Figure 3.3 Groundnut oil showed the best results among all 
the solvents, followed by Rice Bran oil & Sunflower oil. The 
overall extraction efficiency for Groundnut oil, Rice Bran oil 
& Sunflower oil was found to be 81.29285, 80.96397 & 
78.41761. The results of chemical extraction with 40% 
Aliquat 336 concentration are tabulated in Table 3.3.The 
maximum values of the distribution coefficient & extraction 
efficiency was observed for the aqueous acid concentration 
of 0.689219 N; which was the highest concentration of 
aqueous acid used during equilibrium studies. The maximum 
values of Distribution coefficients observed at aqueous acid 
concentration of 0.689219 N; for Sunflower oil, Groundnut 
oil and Rice bran oil are 4.50275, 6.657994 & 4.672588 
respectively. 



Figure 3.3: Chemical extraction of Trans Aconitic acid with 
40% TBP (V/V] using Groundnut oil, Sunflower oil & Rice 
Bran oil. 


The stoichiometry of the overall extraction reaction is 
dependent on the loading ratio in the organic phase, z. If the 
organic phase is not highly concentrated, i.e., at very low 
loading ratios (z < 0.5), the 1:1 complex is formed and a plot 
of z/(l - z) versus [HA] aq is a straight line whose slope gives 
the complexation constant, Kn. 

r-=^3< m] aq (3) 

1 — z 

A straight line of the plot of equation above is shown in 
Figure 3.4. The extractant concentration used was 20% 
(V/V) Aliquat 336 using Groundnut oil, Sunflower oil & Rice 
bran oil with a slope of 1.5382,1.5309 & 1.5681 respectively. 
Hence, the equilibrium complexation constant for the 1:1 
acid: extractant complex at 2 5 °C for the extraction of Trans 
Aconitic acid with Aliquat 336 dissolved in Groundnut oil, 
Sunflower oil & Rice Bran oil, for low concentrations of 
Trans Aconitic acid in the organic phase, is 1.5382 lit/gram 
eq. for Groundnut oil, 1.5309 lit/gram eq. for Sunflower oil & 
1.5681 lit/gram eq. for Rice bran oil. 

Similarly, The complexation constant for the 1:1 acid: 
extractant complex at 25 °C for the extraction of Trans 
Aconitic acid with Aliquat 336 dissolved in Groundnut oil, 
Sunflower oil & Rice Bran oil, for low concentrations of 
Trans Aconitic acid in the organic phase, is 1.6128 lit/gram 
eq. for Groundnut oil,1.1152 lit/gram eq. for Sunflower oil & 
4.5556 lit/gram eq. for Rice Bran oil. 



Figure 3.4: Kn for 20% (V/V) Aliquat 336 as extractant 
using Groundnut oil, Sunflower oil & Rice Bran Oil. 



Figure 3.5: Kn for 40% (V/V) Aliquat 336 as extractant 
using Groundnut oil, Sunflower oil & Rice Bran Oil. 
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3.3 Water Co-extraction: 

The solubility between organic and aqueous phases depends 
on the characteristics of the system species, their 
concentrations, temperature, and other process conditions. 
Trans Aconitic acid is a weak acid and mutual solubility may 
cause significant change in volume. The volume change of 
the organic phase can be associated with water co¬ 
extraction. In many applications of carboxylic acid, pure acid 
is required, and water co-extraction has extra expenses on 
purification and hence the overall economics. 37 The water 
co-extraction experiments were carried out for Trans 
Aconitic acid-Aliquat 336 -diluents [groundnut oil, 
sunflower oil & rice bran oil). Different concentrations of 
Trans Aconitic acid and Aliquat 336 were used for 20 mL of 
each initial phase volume. Table (4.1,4.2, and 4.3) depicted 
the experimental data for water co-extraction. The volume of 
the organic phase was increased slightly with an increase in 
the acid concentration for 20 % Aliquat 336 in diluents. The 
volume of organic phase was increased and almost constant 
for all concentrations of acid in all cases for 40 % TBP in 
diluents. The diluents play a significant role for water co¬ 
extraction. At low concentration of Aliquat 336 in diluents, 
more water is co-extracted. For higher solvation of complex 
in diluents, more water co-extraction is provided in the case 
of higher acid concentrations and opposite for low 
concentration ofacid. Wasewaretal. (2011) Waghmare etal. 
(2011) and Keshavet al. (2009) observed the similar kind of 
results for extraction of itaconic acid, picolinic acid, and 
propionic acid. However, the carboxylic acids selectivity is 
very high over water as compared to only conventional 
diluents. Below 3% water co-extraction in reactive 
extraction of Trans Aconitic acid by Aliquat 336 in different 
diluents was observed. This water co-extraction may have a 
much less effect on process feasibility. 

4. CONCLUSIONS: 

The removal of aqueous phase Trans Aconitic acid by 
reactive extraction using Aliquat 336 in Groundnut oil, 
Sunflower oil and Rice Bran oil was studied. The results are 
presented in terms of various physical and chemical 
extraction equilibrium parameters. Less than 0.5 loading 
was observed and only 1:1 Trans Aconitic acid-Aliquat 336 
complex in Groundnut oil, Sunflower oil and Rice Bran oil 
was formed. Significant enhancement in removal was 
observed by reactive extraction. Extraction efficiency up to 
86 % was observed. The Distribution coefficients for 
physical & chemical extraction were calculated for all the 
three solvents. Equilibrium constants were also calculated 
for 20% and 40% Aliquat 336 concentrations for all the 
solvents. The preference of diluents were observed as 
Groundnut oil > Sunflower oil > Rice Bran oil, for the 
extraction of Trans Aconitic acid. Water co-extraction was 
also studied, not more than 3 % water co-extraction was 
found. 
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